It is important to determine whether valuable broiler-breeder chicks are contaminated with Campylobacter. It is important to have a non-destructive method to determine whether microorganisms such as Campylobacter are present without sacrificing the animal. The objective of this study was to evaluate the reliability of cloacal swabs to detect Campylobacter in young chicks. Day-old chicks (n = 25) were gavaged with 10 1-3 or 10 6 Campylobacter coli (C. coli) gentamicin-resistant marker strain. Batches of chicks were placed in separate isolation units, and 7, 10, 14, or 21 d post challenge, 10 birds per group were cloacally swabbed shallow (9 mm) and deep (24 mm). Swabs were placed into 5 mL of Tecra R broth, vortexed, and streaked for isolation onto Campy Cefex agar plus 200 ppm of gentamicin. After swabbing, birds were sacrificed and one cecum was quantitatively analyzed for C. coli from the control group; both ceca from all challenged birds were analyzed for C. coli. At 14 d post challenge, 95% of the shallow and 90% of the deep swabs were positive. Even with a low inoculum of 10 3 , C. coli achieved a high degree of cecal colonization, and the cloacal swab (either shallow or deep) proved reliable for detecting C. coli. Birds challenged with >10 2 , after 7 and 14 d were colonized with >10 6 cells. After 7 d, all shallow and deep swabs were positive for C. coli, regardless of challenge dose. Since it might not be practical in industry to process the swabs the d of collection, we looked at the reliability of cloacal swabs after freezing for up to 21 days. When the level in the ceca was high, recovery of C. coli was excellent, but when the level was low (± 10 2 inoculum level), recovery was very unreliable. If the levels of Campylobacter are relatively high (log ≥ 6.0) in the ceca, both the shallow and deep swabs, unfrozen or frozen, are reliable, nondestructive methods to detect this microorganism.
DESCRIPTION OF PROBLEM
Campylobacter is a commonly reported bacterium causing foodborne illnesses and has become a worldwide concern. A significant 1 Corresponding author: douglas.cosby@ars.usda.gov portion of human diarrheal infections is attributed to undercooked poultry and poultry products. Campylobacter has a natural growth temperature of 37 to 42
• C, similar to the internal body temperature of live poultry, allowing the organism to become a commensal inhabitant of the intestinal tract [1, 2] . This temperature compatibility provides a good environment for Campylobacter and may explain why poultry and poultry products are associated with approximately 70% of human foodborne campylobacterosis [3, 4] . Campylobacter spp. are commonly found in both broilers and broiler breeders. Research efforts to diminish the presence of Campylobacter on processed poultry have had only limited success, primarily because farm intervention has been hampered by a paucity of conclusive information concerning how the organism gets into commercial poultry flocks. No extensive research using cloacal swabs to detect Campylobacter has been reported, and perhaps such a method could identify contaminated birds. Cloacal swabs of wild birds near broiler housing were taken, but no positive results for Campylobacter jejuni, Salmonella spp., or Clostridium perfringens were identified [5] . In previous research, vent swabs of 49-dayold broilers were used on freshly slaughtered broilers and had only 37% positives [6] .
Intervention strategies are needed at the rearing and breeder levels as well as at the hatchery to reduce the level of Campylobacter spp. present on the live birds entering the processing plant, thus allowing processors to decrease the levels of Campylobacter on raw products leaving the processing facilities. The objective of this research was to evaluate the ability of 2 different cloacal swab techniques for determining, with a non-destructive method, the presence of Campylobacter and the effect of freezing the swabs on the results. Both the sampling procedures and freezing option would provide the poultry industry with a non-destructive, inexpensive method for detecting Campylobacter in expensive chickens and a way to preserve the samples until laboratory analysis can be completed. This research evaluates 2 different swab techniques, a shallow cloacal swab and a deeper colon swab on live broiler chicks. We also looked at preserving the samples, which would allow more time and flexibility to process the swabs. Having a tool to detect Campylobacter at the grandparent and parent breeder farms would allow the industry to identify whether antibacterial and/or probiotic use is necessary to provide a chick with less Campylobacter to the growout facility and ultimately the processing plants. This technique would be able to help evaluate biosecurity measures in the breeder management programs.
MATERIALS AND METHODS

Animal Husbandry
Day-old chicks were obtained from a local hatchery, transported to the University of Georgia Poultry Research Farm, and housed in isolation units (IU) [7] . The IU were equipped with nipple drinkers, open feeders, and wiremesh flooring. Air exchange inside the IU was provided by a filtered, positive pressure, highefficiency particulate arrestance (HEPA) ventilation system. Chicks were fed non-medicated starter feed for the entire experiment. Twentyfive day-old chicks were placed in each IU and orally gavaged with 0.1 mL of a low or high inoculum level (10 1-3 or 10 6 ) of a gentamicinresistant C. coli marker strain [8] at placement (d 0). Campylobacter coli was chosen for use because the strain used has a very reliable, stable antibiotic resistant marker. At this time, no reliable, stable antibiotic resistant marker for C. jejuni is available. In an attempt to achieve varying levels of C. coli in the ceca (in a second experiment), 3 seeder birds were inoculated per IU with either 10 3 or 10 6 CFU of C. coli and placed with 22 other uninoculated chicks. Adequate brooding temperatures were maintained, and birds had ad libitum access to feed and water on a 24 h light regimen. This work was conducted in accordance with the Guidelines for the Care and Use of Agricultural Animals in Agricultural Research and Teaching [9] .
Cloacal Swab Techniques
Unfrozen. At 7 and 14 d of age, 10 birds per IU were subjected to a shallow (9 mm), followed by a deep (24 mm), cloacal swab using 2 sterile polyester-tipped applicators [10] . The shallow swab was inserted first, approximately 10 mm into the cloaca, followed by a deep swab inserted to a depth of approximately 20 mm. Each swab was placed into separately labeled, 13 × 100-mm screw-cap tubes containing Tecra R Broth (TB) [11] without supplements. The tubes were vortexed then streaked for isolation onto Campy 225 Cefex plates with 200 ppm gentamicin (CCGen) added. The plates were incubated for 48 h at 42
• C in a microaerobic environment (5% O 2 , 10% CO 2 , and 85% N 2 ). Supplements were added to each tube after streaking the plates, and all tubes were incubated under microaerobic conditions overnight at 42
• C. When the streaked plates were negative, the tube was vortexed and restreaked for isolation onto CCGen plates and incubated overnight at 42
• C in a microaerobic environment.
Frozen. The same collection procedures used for the shallow and deep cloacal swabs also were used for the frozen samples from d 7, 10, 14, and 21, except each swab was placed into 5 mL of TB without supplements, and glycerol was added to 15% (v/v). All tubes were frozen at -20
• C and after 7, 14, or 21 d, the tubes were thawed at an ambient temperature for 4 hours. The tubes were vortexed, and the same recovery methods were used as described above.
Cecal Samples
After collection of the swab samples, all of the broiler chicks were euthanized by cervical dislocation. The exterior of the chick was sprayed with 70% ETOH [12] to disinfect the surface, and the skin with feathers was separated and removed from the muscle wall, which was again sprayed with 70% ETOH. The ceca were aseptically removed and placed into sterile stomacher bags [13] . Bags were labeled accordingly, placed on ice, and transported to the lab for analysis. The ceca were macerated with a rubber mallet to ensure the contents were exposed. TB was added to the ceca at a ratio of 3:1 volume to weight of the ceca before stomaching for 60 s [14] . A semi-quantitative method was used to determine the number of cells per gram in the ceca [15, 16] . After stomaching, 2 cotton-tipped applicators were placed into the contents of the bag. Swab one was spread-plated onto a CCGen (A plate). Swab 2 was transferred to a tube containing 9.9 mL of TB without supplements, and vortexed, and a third swab was inserted into the tube, moistened, and spread-plated onto CCGen (B plate). The contents of the tube were poured into the stomacher bag containing the ceca and incubated at 42
• C under microaerobic conditions and along with the spread plates for 48 hours. Any samples with negative results were restreaked from the enriched ceca onto a fresh CCGen plate, and the plate was incubated for 48 h at 42
• C under microaerobic conditions. Plate counts were estimated to the nearest log 10 , and the CFU/g ceca was calculated and recorded.
RESULTS AND DISCUSSION
The reliability of a shallow and deep swab to detect C. coli in one-and 2-week old chicks are shown in Table 1 . There was no difference between the shallow and the deep swab in detecting positive samples. Each performed equally well, regardless of the age of the chick. However, the concentration of the marker strain of C. coli in the ceca was critical regarding the performance of the cloacal swabs. When the level in the ceca (CFU/g of ceca and cecal material) was greater than log 10 6.0, the shallow swab detected the marker strain in 81/90 (90%) samples and the deep swab 84/90 (93.3%). However, when the level in the ceca was less than 10 6 , both the shallow and the deep swabs detected the marker Campylobacter only 32% of the time. So it was very reliable for high levels and somewhat questionable at detecting lower level colonization. Regardless of the level of the marker in the ceca, there was no difference in the ability of either swabbing technique to detect Campylobacter. We had hoped for varying levels of colonization, but that did not occur. Even when we used a low inoculum level, the ceca of the inoculated birds became highly colonized. We tried using seeder birds to obtain varying levels of colonization, but this was also unsuccessful because high colonization occurred in all of the pen mates of the seeder birds as well (data not presented).
Since it might not be practical in an industry setting to process swabs on the collection d, we decided to test the effects of freezing the swabs for up to 14 d at −20
• C. Freezing did not seem to have an adverse effect, but the inoculum level once again seemed to play a critical role. The hostile acidity of the proventriculus and gizzard might be injuring or killing all of the C. coli cells when the lowest inoculum levels (10 1 ) were used, as was demonstrated by Cox et al. [17] against Salmonella spp. Therefore, either no live cells or only a few injured cells reached the ceca, which did not lead to a high colonization of the ceca. When this occurs, the cloacal swab is very unreliable. However, when a 10 3 inoculum was used, some cells were able to reach the ceca, proliferate to high levels, and be detected by cloacal swabbing. In Table 2 , there were 46 chicks inoculated with 10 1 cells and only 2 were positive with either a shallow or a deep swab. There were 20 chicks inoculated with 10 3 cells, and even after freezing, the shallow swab detected Campylobacter in 19/20, and the deep swab detected 20/20. In the unfrozen samples, similar results were observed (Table 1) . When the level in the ceca was high, recovery of C. coli was excellent, but when the level was low (from 10 1 or 10 2 inoculum level), recovery was very unreliable. If the levels of Campylobacter are relatively high in the ceca, both the shallow and deep swabs, unfrozen or frozen, are reliable, nondestructive methods to detect this microorganism. It would appear from the data in this study ( Tables 1 and  2 ) that both the shallow and deep swabs, either unfrozen or frozen, were very reliable, as long as the level of Campylobacter in the ceca was > 10 6 /g.
CONCLUSIONS AND APPLICATIONS
1. There was no difference between the shallow and deep swabs with reference to detecting C. coli in either unfrozen or frozen samples. 2. This method provides the industry with a reliable tool to detect Campylobacter in valuable breeder birds without sacrificing the animal.
